study aims to develop and evaluate such a method (hereafter referred to as the 1 modified gradient method -MGM). It should be noted that this method is still based 2 on the flux-gradient theory. Environmental Measurement Site (HFEMS) since 1990 (Munger et al., 1996; 6 Urbanski et al., 2007) . This data set enables us to estimate O 3 dry deposition using 7 existing (AGM, MBR and EC) and newly proposed (MGM) methods and thus to 8 evaluate the applicability and uncertainties in all the methods. The 9 micrometeorological methods are briefly described in Section 2, the measurement 10 data in Section 3, comparison results and sensitivity tests in Section 4, and major 11 conclusions and recommendations in Section 5. 
Eddy-covariance technique (EC)

15
EC determines the turbulent flux (F) by calculating the covariance between vertical 16 wind velocity (w) and concentration of the gas (c): (emission) and negative flux is downward (deposition).
22
Aerodynamic gradient method (AGM)
With an assumption that turbulent transport is analogous to molecular diffusion 2 (Baldocchi et al., 1988) , the flux-gradient theory is theoretically described as follows:
where K c is the eddy diffusivity for the gas, and dC/dz is the vertical concentration 5 gradient of the gas. Two of the more popular methods for calculating K c are the 6 aerodynamic gradient method (AGM) and the modified Bowen-Ratio approach 7 (MBR).
8
The AGM method assumes that heat and mass are transported in a similar way 9 within a well-developed surface layer (Erisman and Draaijers, 1995) . K c is related to 10 the interstitial aerodynamic resistance (R a ) (Baldocchi, 1988) as 
where z 1 and z 2 indicate the heights of adjacent levels above canopy (z 1 > z 2 ).
13
Using Eqs. (2) and (3), the deposition flux (F) is determined as: where C 1 and C 2 indicate the gas concentrations at z 1 and z 2 , respectively.
16
R a is calculated as
where κ is the von Karman's constant (0.4), u * the friction velocity (
those proposed by Businger et al. (1971) and modified by Högström (1988) .
The MBR method is also based on the flux-gradient theory (Eq. 2), but the eddy 4 diffusivity (K c ) is derived from flux and gradient measurements of another scalar (e.g.,
5
sensible heat, CO 2 , H 2 O) and assumes it is equal to K c of the gas of interest. In this 6 study, the flux and gradient measurements of CO 2 are available at the same heights of 7 O 3 , so K c of O 3 was calculated from the CO 2 measurements as follows: 
12
Using Eqs. (2) and (6), the O 3 flux (F) is calculated as:
14 15
Modified gradient method (MGM)
16
The newly proposed MGM method is also based on the flux-gradient theory (Eq. 2). It 17 is noted that the flux-gradient theory has been long questioned within plant canopy 18 environment due to infrequent but predominant large eddies within canopy (Wilson, 19 1989; Raupach, 1989 previous studies (e.g., Baldocchi, 1988; Bash et al., 2010; Wolfe and Thornton, 2011) .
7
Applying the flux-gradient theory within the canopy, a height-dependent flux 8 (F(z)) can then be calculated as: for momentum transfer (Halldin and Lindroth, 1986) . As described in Baldocchi
where a(z) is the leaf area density at height z, and u(z) is the horizontal wind speed 
14
The effective drag coefficient (C m (z) ) is assumed to be constant with height (see 15 Thom, 1975) following Baldocchi (1988) :
where LAI is the canopy leaf area index, u m the mean wind speed within canopy, and 
21
The mean within canopy wind speed (u m ) is calculated as
Within canopy wind speed profile (u(z)) follows Cionco (1972):
where u h is wind speed at the canopy top, and α is wind speed attenuation coefficient.
5
The above canopy logarithmic wind profile is used to scale the wind speed measured 6 at the reference height z 1 to the canopy height h:
where z 0 is the roughness length for momentum, and Ψ m is the integrated stability 9 correction function for momentum as proposed by Businger et al. (1971) and 10 modified by Högström (1988).
11
Assuming a zero concentration on the absorbing surface, the dry deposition 12 velocity (V d ) of O 3 can be determined as
where C(z 1 ) is the O 3 concentration measured at the reference height z 1 . The monthly averaged leaf area index (LAI) at HFEMS was derived from the 21 ground-based measurements for most years between 1998 and 2013 using the LICOR worth to mention that many earlier studies suggested that the effects of chemistry on
20
O 3 flux divergence in the near surface were generally small, likely because the among these three levels were significantly larger, reaching up to 1.0 ppbv and 1.6 3 ppbv, respectively (see Fig. 3b ). 10%.
5
As shown in Fig. 6 and (Fig. 5) . were less than 2% when roughness length and leaf area index varied by 10% (Table   4 2). 
